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Abstract 
This paper is focused on the development of musculoskeletal model of the human lower extremity and kinematic and kinetic 
analysis of the Knee and Ankle during soccer ball kicking.  This research study involves Surface Marker and EMG 
techniques to investigate the kinetics and kinematics of Knee and Ankle in the course of peak performance of a soccer 
player during kicking action. The musculoskeletal model is developed by means of Surface marker techniques and the 
related kinetics and kinematics analysis are performed. The EMG Techniques are used to estimate the muscle strength 
responsible for the Knee and Ankle movement during kicking action. Five soccer players (aged 23 to 25, BMI: 25-29) are 
involved in the experimental studies. A mathematical model was proposed to convert the EMG signal of muscles into 
muscle strength through correlation with various models and players.  The peak performance of the Knee and Ankle are 
evaluated in terms of the estimated torque and compared against the measured data. 
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1. Introduction 
Kicking is a very important factor in soccer and one of the most fundamentally used skills. It should be practiced from 
the early ages [1]. It is the most widely studied soccer skill as many researches have examined kinematics, kinetics and 
EMG variables. It is a multipoint movement which depends on various factors such as the maximum strength and power of 
the muscles of the kicking and supporting leg that take part during the kicking action [2], [3], [4], [5] the angle that the 
player approaches the ball and the speed that he has before the impact phase [3] and [6]. It also, depends on the coordination 
between the agonist muscles (vastus lateralis and medialis, rectus femoris, tibialis anterior and m. iliopsoas) and the 
antagonists (gluteus maximus, biceps femoris and semitendinosus) during the kick [7], [3], [4] and [5]. 
During the game, muscle strength is required, because each player performs such dynamic movements as kicks, 
headers, tackling, and sprinting. So, power, endurance and muscle strength are needed to compete in the game [2]. The 
relation between muscle strength and performance in the field is a subject of controversy in many research fields dealing 
with muscle power. Some articles have demonstrated positive correlations between force, measured in the laboratory and 
performance in the field. Perrine and Everton [8] found high correlations between isokinetic strength (at a speed of: 6.29 
rad/sec) and vertical jump and demonstrated improvements after fast isokinetic leg thrust exercises. Kanehisha and 
Myashita [9] found significant relations between peak force (3.65 rad/sec) and 50m sprint velocity.  
Many researchers have mentioned that the coordination between the agonist muscles (vastus lateralis and medialis, 
rectus femoris, tibialis anterior and m.iliopsoas) and the antagonists (gluteus maximus, biceps femoris and semitendinosus) 
during the kick and the maximum power of the lower limbs are very important factors for a strong instep kick. Also, studies 
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with ball velocity and kicking distance have revealed that lower limb and/or toe velocity and maximal strength of the knee 
extensor muscle are important determinants of kick performance and muscle strength is directly responsible for increasing 
the speed of the foot. 
The purpose of this study is to examine the relation between knee and ankle muscles strength and kicking performance 
at particular angular velocities and to investigate the correlation between the soccer players. 
 
2. Methods 
 
2.1 Surface Marker Techniques 
 
There are five subjects participating in this study of age between 23 to 24 years old. The subjects had a mean age of 23.6 
years (minimum = 23 years, maximum = 25 years old) and mean height of 172 cm (minimum = 165 cm, maximum = 
180cm) followed by a mean weight of 59 ± 12 kg (minimum = 47 kg, maximum = 83 kg). All players are normal, able-
bodied adults as shown in Table I. 
 
TABLE I. Subject Weight, Height, Age and BMI 
 
 Subject Weight 
(kg) 
Height 
(cm) 
Age 
(years) 
BMI 
(kg/m2) 
Male 1 75 170 23 25.95normal 
 2 100 188 23 28.29 normal 
 3 73 165 25 26.81 normal 
 4 80 167 23 28.69 normal 
 5 80 170 24 27.68 normal 
Average - 81.6 172 23.6 27.48 
 
 
 
 
 
Fig.1 Model of the player performing soccer ball and kicking action and shows the marker placement and segmental local 
coordinate systems. 
 
The lower extremity kinematics data during soccer ball kicking are acquired through a six-camera Qualisys Motion 
Capturing System incorporated with Visual-3D analysis. Retro-reflective markers are attached to the subject’s relevant 
anatomical landmarks. Markers are attached directly to the skin of the subject with double-adhesive surgical tape. Markers 
are visible to at least two camera views throughout the entire activity. The video recording was sampled at a minimum 
frequency of 100 frames per second. Instrumented walker was used while capturing the motion data. The kinematics data 
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obtained from Visual3D such as three-dimensional joint moment are the normalized-forces with respect to subject body 
weight and arm length similar to the approach by the group of Bachschmidt, R.A, et al, [12]. Firstly, the subjects are for a 
trail of soccer kicking action with-in the designated area inside the laboratory. Next, the player was instructed to stand still, 
small run and kicking action to enable the recording of the static 3-D image for the purpose of creating a 3-D model. The 
player was instructed to perform the kicking action with maximum effort. Then, the process is repeated. Prior to data 
collection, the players are allowed to practice until the subject is confidence on performing the task. A minimum of 5 
minutes or at least 7 trials are conducted for all the players.  
The anatomical model is built based on data obtained from V3D and this enables for non-expert to visualize 
musculoskeletal motion of the player, which is shown in Figure-1. The reflective markers are attached to the tracked body 
segments. The placement of markers are divided into 2 categories, tracking markers (used to track the motion) and markers 
that are used to construct the 3-D bone segments model for data analysis. The interrelation of each segments are described 
with Denavit-Hartenberg parameters. The rotations of each upper body joints are determined using Euler angle approach 
which is similar to the approach that was used by Kadaba,et al [13]. The marker placement followed Visual3D guideline 
[14]. Prior to marker placement, system has to be set-up and the global coordinates are established. Then, the markers will 
initially reference with respect to the global coordinates, which have been set as the lab local coordinate system and each 
segments axis are illustrated in Figure 1.The results obtained from visual3D are the temporal and spatial parameters. The 
parameters include cadence, kinetic and kinematics variables. The kinetic variables include internal joint force and 
moments. Kinematic variables comprise of joint angular position, velocities and acceleration. The data are then processed 
by MATLAB to obtain the desired result of kinetic variables (moment experienced by subject).  
 
 
2.2 EMG Techniques 
EMG sensors are also placed only on major muscles of lower limb, which include Quadriceps, Hamstrings, Tibialis Anterior 
and Calves. These are the muscles responsible for flexion and extension of knee and ankle, essential motions during soccer 
ball kicking. According to [15], the sensor should be placed along longitudinal midline centre of muscle between motor 
point and tendon insertion. Sensor placement on one (1) of the subjects during experiment is shown in Figure.2. The EMG 
data are rectified and filtered for simplification. Rectification is done using MATLAB by taking only absolute values of the 
raw data into consideration while filtration is done by reading only signal at cut off frequency defined. The Neural Network 
is proposed and employed to find a suitable mathematical model that best map EMG signal into joint torque. This will be 
done using correlation coefficient of all models respective of the payers and find the best mathematical model that translates 
the recorded EMG into the related muscle strength. Processed EMG signal were then converted into estimated torque using 
mathematical models (1) to (6) 
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Figure 2: (1) Main muscles responsible for knee and ankle movements. (2) Markers placement for lower extremities 
muscles to be tested. (3) Front and (4) side view of bone model generated using VISUAL 3D. 
 
Table 2. Summary of results of model equation as trained through NN on (a) knee segment and (b) Ankle Segment for all players for 
subjects 1-5. 
 
Model 
Equation 
a b c Correlation 
coefficient 
1 0.227 0.252 0.035 0.580 
2 0.682 1.328 2.626 0.288 
3 7.500 3.633 3.512 0.308 
4 0.108 0.112 - 0.548 
5 4.109 6.014 - 0.418 
6 5.669 4.998 1.148 0.291 
 
Model 
Equation 
a b c Correlation 
coefficient 
1 0.12 0.134 0.019 0.409 
2 4.831 6.859 3.128 0.267 
3 4.088 3.280 1.406 0.218 
4 0.177 0.163 - 0.401 
5 8.375 0.406 - 0.361 
6 3.443 4.946 0.837 0.258 
 
Model 
Equation 
a b c Correlation 
coefficient 
1 0.308 0.162 0.199 0.312 
2 0.665 0.565 0.979 0.229 
3 0.288 0.231 0.272 0.312 
4 0.499 0.228 - 0.312 
5 4.904 6.409 - 0.296 
6 8.507 1.623 3.329 0.078 
 
Table 3. Summary of results for model equation trained through NN on all subjects using equation 1 on Knee Segment 
 
Subjects BMI Muscular 
strength 
EMG 
Angular 
velocities 
Moments Power Correlation 
coefficient 
1 25.95 2 -0.195 -1.596 0.312 0.580 
2 28.29 4 1.799 -3.058 -5.501 0.409 
3 26.81 2 0.685 -1.039 -0.712 0.312 
4 28.69 4 1.677 -3.749 -6.288 0.660 
5 27.68 2 2.003 -1.636 -3.276 0.311 
 
Model 
Equation 
a b c Correlation 
coefficient 
1 0.345 0.384 0.054 0.420 
2 7.945 2.322 6.487 0.388 
3 4.535 5.515 7.375 0.389 
4 0.290 0.356 - 0.418 
5 0.240 3.826 - 0.416 
6 3.504 1.054 2.164 -0.390 
Model 
Equation 
a b c Correlation 
coefficient 
1 0.801 0.800 1.967 0.473 
2 0.730 7.328 7.164 -0.029 
3 6.828 7.280 7.606 0.310 
4 0.818 0.439 - -0.377 
5 4.585 5.587 - -0.375 
6 2.620 8.764 6.882 -0.029 
Model 
Equation 
a b c Correlation 
coefficient 
1 0.140 0.148 0.105 0.314 
2 0.682 1.328 2.626 0.288 
3 4.341 3.043 2.131 -0.134 
4 7.643 8.926 - -0.163 
5 2.384 5.665 - 0.052 
6 3.579 7.571 0.345 -0.160 
1(a) 1(b) 
2(b) 2(a) 
3(a)  3(b) 
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Table 4. Summary of results for model equation trained through NN on all subjects using equation 1 on Anklesegment 
 
Subjects BMI Estimated 
τ 
Muscular 
strength 
Angular 
velocities 
moments power Correlation 
coefficient 
1 25.95 6 2.489 0.036 0.089 0.420 
2 28.29 19 0.804 -0.059 -0.047 0.473 
3 26.81 3 -2.841 -0.009 0.026 0.314 
4 28.69 7 5.859 -0.064 -0.376 0.245 
5 27.68 25 0.522 0.080 0.042 0.127 
 
A Pearson correlation coefficient [11, 12] was introduced to find the suitable model among the model listed in eqn (1)-(6) 
for EMG conversion to estimated muscle strength. Pearson correlation coefficient (CC) is a statistical method to determine 
the relationship between two random variables. Correlation coefficient can be computed as follows: 
 
Correlation Coefficient (CC) =      ;   -1 < CC < 1 
The value of CC ranges from -1 to 1. CC = 1 indicates that the two variables are proportional to each other, while -1 
indicates inverse proportionality. CC= 0 shows that there is no correlation between two random variables. Correlation 
coefficients of associated models are shown in Table 2 for the player 1. For all the subjects (player), Model 1 shows the 
good correlation with other model and the value is close to 1(Example: 0.580<1 for player 1). Since the other 
subjects/players shows similar kind of correlation in terms of estimated torque for both Knee and Ankle, model one is 
chosen as a best model for EMG conversion to estimated muscle strength. Table 3 and 4 show the estimated muscle strength 
from EMG signal with corresponding kinematic and kinetics variables of all subjects.   
 
3. Results and Discussions 
 
3.1 Moment analysis 
The experimental measurements of Knee and Ankle kinematics are illustrated in Figure 3. Mean and standard deviation 
player of right Knee and Ankle joint moment are computed in all three plans (coronal, sagittal and transverse). Through the 
observation on the joint moments from all planes, knee joint moments are found to be greatest at transverse plane. These 
joint moments are noted during peak performance of the soccer kick. Maximum knee joint moment was also obtained 
during mid-stance of kick action.  Similarly, it is noted that the ankle joint moment recorded as high in the coronal plane.  
These are the actual maximum joint moments of the player based on their BMI. These moments are reflected in the muscles, 
which are responsible for flexion and extension of knee and ankle, which are essential during soccer ball kick action.  
Therefore, the muscle strength is the essential factor [14] to determine the performance of the soccer ball kick action. The 
energy required for the peak performance of a soccer ball kick dependent on the muscle responsible for knee and ankle 
moments. The EMG techniques are used to measure and estimate the energy level of muscles, responsible for these 
moments and will be discussed in the following section. 
 
 
 
 
 
 
 
 
 
Figure 3: Moment for front right side kick (right leg) experiment 
 
 
 
 
 
 
Figure 3: Measurements of Knee and Ankle kinematics 
Coronal Sagittal plan Transverse plan 
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3.2 Experimented verses Estimation torque 
Subject 1: Based  on the best fit correlation co-efficient, considering the  knee segment the estimated torque shows constant 
value of 2 N/Nm in between the time slot 30 to 80 secs and the measured torque also shows similar response in the same 
region. Considering the ankle segment, at peak performance, the estimated torque is less than the experimented value 10 
N/Nm during the time 52 secs. This implies that the subject 1 still can perform well and able to reach the targeted value (10 
N/Nm). 
Subject2: Given the best-fit correlation co-efficient, the knee segment there is a huge disparity between the experimented 
and estimated torque value .Considering the ankle segment almost all graph segments of measured torque equals with the 
estimated value. Due to some measurement errors, one can find positive offset close to the peak at 18 N/Nm, 12secs.  
Subject 3: Considering the knee segment though the estimated torque almost matches the measured value, last section offers 
more unsmooth response, resulting straight-line matching concept. For ankle segment all most all peak of the measured 
torque are offset by estimated value by EMG techniques 
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Figure 7: Graph showing the training results of actual muscle strengths and estimated values based on best fit correlation 
coefficient for (a) Subject 1 Knee segment. (b) Subject 1 Ankle segment. (c) Subject 2 Knee segment. (d) Subject 2 Ankle 
segment.   
 
Subject 4: Considering the knee segment the NN training covered well in the middle section where the middle peak occurs 
due to the drastic measurement of accelerated torque. Similar response happens for the ankle segment. 
Subject 5: More random pattern peak performance is evident due to measurement problems looking in to knee segment. The 
amplitude of the EMG signal is small to match the peak and hence its tough to train .Considering the ankle segment, due to 
the defects in the EMG signal measured the peak of the measured torque value is well covered by the estimated value.  
Both the upper and lower signal peak is due to the MUAP detection by sensors. This signal depends on the coordination of 
muscles during the action intervals. By EMG signals accelerated changes in torque is difficult to cover in training. Training 
related to ankle segment varies due to different kicking patterns and the track of  movement which is not consistent.  
 
 
4. Conclusion 
 
Application of EMG and its processing technique combined with advancement in surface marker techniques offer wide 
range of solutions in terms of analysing the kinematics and  kinetics of Human locomotion. Several mathematical models 
have been developed and studied considering the peak performance of a soccer player during Front and side kicking actions. 
(a) 
(b) 
(c) (d) 
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Results obtained during the study gave good standards for benchmarking for front kicking, however for side kicking the 
standard deviation is much higher than expected which further can be improved by using advanced filtering techniques like 
FIR and IIR and also with the support of advanced expensive equipments.  The relation between knee and ankle muscles 
strength and kicking performance at particular angular velocities and to investigate the correlation between the soccer 
players can lay a solid foundation in terms of improving the overall field performance in soccer training camps. 
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